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The biochemistry of sulfhydryl (SH)— and
disulfide (S-S)—— containing compounds has re-
ceived considerable interest during the past few
years and significant knowledge has been ob-
tained through various investigative studies
(1—4). A number of researchers have studied epi-
dermal sulfhydryl and disulfide with emphasis
on the keratinization process, pigmentation and
enzyme activity. These compounds have been
found to be important in a wide variety of bio-
logical systems. Disulfide is important in main-
taining the specific structure of proteins. It is
generally agreed that sulffiydryl groups play a
very important role in epidermal metabolism
and a variety of hypotheses and opinions have
been advanced as to the behavior and function of
sulfhydryl and disulfide in the epidermis (5—25).
Soluble thiol (SH) groups which are distributed
throughout the cell and fixed thiol groups which
are attached to side chains of protein, including
thiolenzymes, have functions and processes that
lead to cell division and growth. The soluble thiol
groups are also one of the important factors in
the regulation of processes concerned with energy
within the cell. Fixed thiol groups are probably
most significant in the role they play in enzyme
systems. A variety of enzymes that are important
in amino acid, carbohydrate and fat metabolism
contain sulfhydryl groups which are essential for
their activity. In protein there are three types of
thiol groups which can be measured quantita-
tively: freely reacting, sluggish, and masked
sulfhydryl. Freely reacting and sluggish sulf-
hydryl groups will react with strong sulfhydryl
reagents such as mercaptide-forming compounds.
Masked sulfhydryl, however, is not available
until the molecule has been altered by the rupture
of hydrogen bonds such as occurs in denaturation.
This investigation was undertaken to deter-
mine the normal concentration of sulfhydryl and
disuffide in human epidermis, hair, and nail. A
variety of skin samples were taken, for normal
* From the Departments of Dermatology and
Biochemistry, Baylor University College of
Medicine, Houston, Texas.
Received for publication February 23, 1961.
69
values need to be established for age, sex, race,
and different anatomical sites.
MATERIALS AND METHODS
Specimens were obtained from the back of
normal Caucasian human volunteers and from the
abdomen, arm, back, chest, leg, palm, and soles
of autopsy material. Biopsy and autopsy speci-
mens were frozen promptly after removal. Hair
and nail samples were obtained from various
members of the dermatology departmental staff, a
beauty salon, and a barber shop.
After the subcutaneous fat was trimmed from
the dermis, the epidermis was separated from the
dermis by Baumberger's ammonium method.
With this technic the skin is placed in normal
NH4OH for twenty minutes at room temperature
(26, 27). The separated epidermis was kept under
one atmosphere of nitrogen in a sealed container
for storage (16).
The dried small pieces of epidermis were
weighed with a semimicro balance and specimens
0.1 to 0.3 mg. were employed for determinations.
The immediately reactive sulfhydryl was
estimated after the specimens were homogenized
with a phosphate buffer in the titration vessel.
Values were obtained by the ultramicro-ampero-
metric mercuric titration technic of Iakovlev,
using a rotating platinum electrode (28, 29).
Mercuric chloride was employed as the mer-
captide-forming compound. Freely reacting and
sluggish sulfhydryl are reported as immediately
reacting sulfhydryl. Denatured sulfhydryl was
determined after denaturation with 6 M. urea.
After quantitative values were obtained the
ratio of denatured to immediately reactive sulf-
hydryl was determined. Since it was not difficult
to obtain hair and nail, specimens 10 to 20 mg. in
weight (dried) were determined by the usual
macroamperometric titration technic (30, 31).
Disulfide concentration can be measured only
after reduction to SH groups. Therefore, disulfide
values are obtained after the sulfhydryl concen-
tration has been determined. For epidermis, the
sulfbydryl groups obtained after reduction were
determined by Hollo's method (32). Specimens
1.0 to 2.0 mg. in weight (dried epidermis), were
incubated in a boiling water bath with 1 N NaOH
and the total SH was calculated by amperometric
titration. The disulfide is expressed as the sulfur
percent as disulfide after the originally present SH
values are subtracted. The amount of sulfhydryl
originally present is relatively unchanged by the
boiling procedure.
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For hair and nail, the disulfide concentration
was determined in the presence of sodium sulfite,
after hydrolyzing with 5 M. hydrochloric acid.
Specimens 10.0 to 20.0 mg. in dried weight were
hydrolyzed with 5 M. hydrochloric acid for two
hours. After neutralizing with sodium hydroxide,
the amount of sulfhydryl (which was reduced from
disulfide by sodium sulfite) was titrated with
mercuric chloride in a borax-potassium chloride
buffer. This technic was found to be an excellent
procedure for determining disulfide (31).
Epidermal sulfhydryl and disulfide concentration (caucasian-autopsy material)
RESULTS
Tables I A and I B show the sulfhydryl and di-
suffide concentration of specimens obtained from
autopsy material for various anatomical sites of
Caucasian and Negro skin. The tables were
separated because of the consistently different
results obtained from white and colored skin.
There were no significant differences in the values
obtained from the various anatomical sites except
for the palms and soles, which manifested con-
TABLE I A
Anatomical Site Age Sex Immediate Sil Denatured SR Denatured SH/Immediate SR
F
M
M
F
M
M
F
M
M
F
F
M
M
Abdomen
Average
Arm
Average
Back
Average
Chest
Average
Palm
Sole
Average
47
84
88
47
84
88
47
84
88
47
81
84
88
Adult
Adult
Adult
Adult
Adult
Adult
42.9
33.3
33.3
36.5
38.3
35.7
30.3
34.8
40.6
33.0
30.0
34.5
35.0
39.7
37.0
30.0
35.4
27.5
23.5
25.8
25.0
28.3
30.7
26.7
35.1
67.5
47.5
60.0
58.3
64.5
46.8
63.5
58.3
65.5
53.5
62.0
60.3
63.0
50.3
50.3
63.0
56.7
50.0
50.0
48.5
50.0
50.0
50.0
49.7
58.8
1.6
1.5
1.8
1.6
1.7
1.6
2.0
1.7
1.7
1.7
2.0
1.7
1.8
1.3
1.4
2.0
1.6
1.8
2.1
1.9
2.0
1.8
1.6
1.9
1.7
Disulfide
0.57
0.57
0.55
0.56
0.57
0.32
0.58
0.49
0.57
0.32
0.58
0.49
0.56
0.30
0.51
0.46
0.24
0.23
0.22
0.20
0.21
0.24
0.22
0.50Mean (except palm &
sole)
SH is expressed as X 102 mM in 100 g dry weight epidermis.
S-S is expressed as Sulfur % as S-S.
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Mean (except 40 yrs) 28.2 49.9 1.8 0.49
SH is expressed as X 10—2 mM in 100 g dry weight epidermis.
S-S is expressed as Sulfur % as S-S.
siderably lower values than those obtained on
glabrous skin. Interestingly, autopsy skin was
found to yield lower values than skin obtained
from living patients. (Table I C)
In Table II the average values of glabrous skin
(autopsy material) for Caucasian, Latin American,
and Negro are compared. It can be seen that the
sulfhydryl concentration was highest in Cau-
casian skin and lowest in Negro skin. The values
obtained from one Latin American's skin lie
between those for white and Negro skin. Table
III reveals that significant differences occur
between infants, children, and adults, with infants
manifesting a very high sulfhydryl concentration.
The values in children were found to be approach-
ing normal by three years of age. Except for
infants and children, there were no significant
differences for age and sex.
The S-S concentration was similar in Caucasian
and Negro skin; however, S-S was decreased in
infants and children. The sulfhydryl and disulfide
concentration of human nail and hair is shown
in Tables IV A and IV B. In nail, the immediate
SH is low and the denatured SH and S-S are
TABLE I B
Epidermal sulfhydryl and disulfide concentration (Negro-autopsy material)
Anatomical Site Age Sex Immediate SH Denatured Sil Denatured SII/Inunediate SH Disulfide
Abdomen
Average
Arm
Average
Back
Average
Chest
Average
Leg
Average
58
59
62
78
58
59
62
78
58
59
62
58
59
62
78
58
59
62
78
F
M
F
M
F
M
F
M
F
M
F
F
M
F
M
F
M
F
M
30.0
23.7
27.5
32.0
28.3
37.5
20.7
25.0
32.0
28.8
27.8
36.0
27.8
30.5
21.3
21.8
27.0
31.8
25.5
32.3
22.9
26.8
31.3
28.3
59.0
51.5
47.0
45.5
50.8
40.0
50.8
57.5
45.5
48.5
50.5
50.0
57.5
52.7
47.0
52.5
53.8
42.0
48.8
48.0
54.6
53.0
42.0
49.4
2.0
2.2
1.7
1.4
1.8
1.1
2.4
2.3
1.4
1.7
1.8
1.4
2.6
1.7
2.2
2.4
2.0
1.3
1.9
1.5
2.4
2.0
1.3
1.7
0.40
0.40
0.56
0.54
0.48
0.48
0.47
0.57
0.53
0.51
0.46
0.46
0.50
0.47
0.44
0.39
0.55
0.53
0.48
0.48
0.41
0.53
0.53
0.49
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high compared to normal skin. In hair, both types
of Sil are low and S-S is high.
COMMENT
Rothman et al., reported in 1946 (13) that
aqueous extracts of human epidermis inhibited
the tyrosinase system. The inhibition was
thought to be due to the presence of sulfhydryl
Compounds in the extract. Sulfhydryl values
have been shown to be high in areas of vitiligo
and low in regions of post-inflammatory hyper-
pigmentation. Interestingly, our results show
that normal Caucasian skin will give higher
sulfhydryl values than normal Negro skin, and
TABLE I C
Epidermal sulfhydryl and disuifide concentration
(caucasian, living volunteers) *
Denatured 511/ P lCdImmediate 511 ian e
Average 47.9 69.2 1.5 0.53
* Specimens obtained from mid-back.
Sil is expressed as X 10—2 mM in 100 g dry
weight.
S-S is expressed as sulfur % as S-S.
that Latin American skin may yield interme-
diate values. This was not true for hair.
Histochemical studies have indicated that Sil
and S-S are distributed somewhat homogeneously
from the basal cell layer to the stratum granu-
losum (33). The stratum corneum is strongly
reactive in S-S preparations and only slightly
reactive in SH preparations. With our technic the
palms and soles manifested low values for both
SH and S-S, and this was somewhat unexpected
in view of values obtained through histochemis-
try. It must be remembered that our values arc
for the complete epidermis and are on a per-
weight basis, which does not account for the thick
stratum corneum.
In 1931, Klauder and Brown (34) showed that
the total sulfur concentration in infants' skin is
higher than that of adults' skin. The sulfur-
containing substances are proteins which contain
methionine, cysteine, cystinc or glutathione, and
mucopolysaccharidcs, such as chondroitin sulfuric
and mucoitin sulfuric acids. The sulfur-containing
amino acids are found in a variety of proteins
and mucopolysaccharidcs are present in the tissue
ground substance. In this study the sulfhydryl
concentration was high and S-S was low in
infants. Bonting (35) found that the percentage
of S-S bonds in the total cysteine-cystine fraction
is the same in the young as in the adult. However,
with advancing age, both the cysteine-cystine-
sulfur and the methioninc-sulfur content of the
skin, as related to total nitrogen content, drops
considerably. There is a possibility that in addi-
tion to the decrease in sulfur-containing amino
acids, a decrease in amount of connective tissue
ground substance occurs.
The cpidermal sulfhydryl and disulfide concen-
tration (average values) in specimens obtained
from the living body were 47.9 x 102 mM as
immediate SH, 69.2 x 102 mM as denatured
Sil, and 0.53% as S-S. However, the concentra-
Comparison of sulfhydryl and disulfide concentration in the epidermis of different races
Number ofRace Individuals Immediate 511 Denatured 511 Denatured SH/ DisulfideImmediate SH
Caucasian 4 35.1
Latin American 1 33.4
Negro 6 26.1
55.5
54.6
53.9
1.7 0.48
1.6 0.32
2.0 0.47
SH is expressed as >< 102 mM in 100 g dry weight epidermis.
S-S is expressed as Sulfur % as S-S.
volunteer Immediate Denatured
Number 511 SIT
1
2
3
4
5
6
7
8
9
10
11
12
13
14
48.5
42.0
47.0
43.0
30.4
53.5
40.7
40.5
50.0
50.0
52.5
54.5
55.2
56.0
83.5
73.0
62.0
60.0
56.0
67.5
88.0
67.5
87.0
83.5
66.0
58.0
71.0
68.0
1.7
1.7
1.3
1.4
1.8
1.3
2.2
1.6
1.7
1.7
1.3
1.1
1.3
1.2
0.58
0.48
0.46
0.53
0.59
TABLE II
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TABLE III
Comparison of epidermal sulfhydryl and disulfide concentration by age groups
(caucasian-autopsy material)
Age Anatomical Site Immediate SH Denatured SE Disulfide
3 weeks old Chest
Abdomen
62.5
61.0
86.5
86.5
1.4
1.4
0.33
0.31
5 weeks old Chest
Abdomen
69.5
70.0
86.5
88.0
1.2
1.3
0.30
0.31
5weeksold —
—
64.0
72.0
81.0
84.0
1.3
1.2
0.34
0.31
5 weeks old — 60.0 83.5 1.4 0.29
Average 65.6 85.1 1.3 0.31
2 years old Chest 57.0 75.5 1.3 0.35
Abdomen 60.0 70.0 1.3 0.33
Average 58.5 72.8 1.3 0.34
3 years old — 45.0 66.5 1.5 0.32
47—88 years old* Average 35.1 58.1 1.7 0.48
* From Table I A.
Sil is expressed as X 102 mM in 100 g dry weight epidermis.
S-S is expressed as Sulfur % as S-S.
TABLE IV A
Nail .sulfhydryl and disulfide concentration
Age
33
25
44
21
—
Sex
M
F
F
M
M
Immediate
SH
26.5
20.0
24.5
26.0
24.0
Denatured
Sil
110.0
105.0
93.0
109.0
95.0
Denatured
SH/
Immediate
SH
3.7
5.3
3.8
4.2
4.0
Disulfide
3.18
3.00
3.14
3.00
3.22
Aver-
age
24.2 102.4 4.2 3.11
SH is expressed as X 10 mM in 100 g dry nail.
S-S is expressed as sulfur % as S-S.
tion (average values) found in specimens ob-
tained from autopsy material was 35.1 x 10—2
mM as immediate SH, 58.8 X 10—2 mM as
denatured SH, and 0.47% as S-S. Therefore, the
concentration of sulfhydryl and disulfide in the
epidermis is higher in skin taken from a living
body than in skin obtained from a dead body
(unetnbalmed). This interesting finding suggests
that a posthumous chemical change occurs in
the epidermis.
In 1954, Van Scott and Flesch (16), using a
colorimetric technic, reported on the normal
sulfhydryl and disulfide concentration in nail.
Our investigation has yielded results similar to
those they reported.
Recently we reported the preliminary results
obtained in a series of determinations of sulf-
hydryl and disulfide concentration of the epi-
dermis in various dermatological disorders (36).
Considerable differences were found between a
variety of conditions and a thorough investigation
of these findings is in progress. Such a study was
made possible by employing the ultramicro-
polarographie amperometric titration technic
developed by Iakovlev. With this technic, small
specimens of tissue, such as those obtained with a
routine punch biopsy, are adequate for accurate
quantitative determinations. Prior to the avail-
ability of this technic, studies of epidermal suif-
hydryl and disulfide were limited by the fact
that only large specimens of skin (or scale) could
be studied by quantitative chemical means.
Histochemical quantitative studies are relatively
crude; however, recently a histospectrpohoto-
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TABLE IV B
Hair sulfhydryl and disulfide concentration
Color of Hair Race Age Sex Immediate SH Denatured SH f' Disulfide
Blond American
American
—
—
F
F
4.0
3.4
5.2
4.2
1.3
1.2
2.90
2.89
Average 3.7 4.7 1.3 2.90
Brown American
American
American
—
—
—
M
F
F
7.2
5.7
5.5
9.6
9.3
9.6
1.4
1.6
1.7
4.37
3.80
3.70
Average 6.1 9.5 1.6 3.96
Gray American — F 5.3 12.2 2.3 4.90
American — M 4.8 10.0 2.0 4.30
Average 5.1 11.1 2.2 4.60
White American — F 8.1 9.6 1.2 5.30
Black Japanese
Japanese
Japanese
33
25
33
M
F
M
7.9
6.8
7.9
12.9
10.4
13.2
1.7
1.5
1.7
4.23
4.57
4.15
Average 7.5 12.2 1.6 4.32
Sil is expressed as X 102 mM in 100 g dry hair.
S-S is expressed as Sulfur % as S-S.
metric technic has been introduced that appears
to be more useful as a quantitative procedure
(37). The ultramicro-polarographic amperometric
titration technic and the histospectrophotometric
technic may provide the means whereby con-
siderable information can be obtained relating to
sulihydryl and disulfide metabolism in abnormal
epidermis. Procedures employed for epidermal
separation and specimen preservation should not
alter epidermal sulfhydryl concentration. In a
previous publication we have shown that the
ion exchange technic can be used to separate the
epidermis from the underlying dermis without
significantly altering sulfhydryl values and that
freezing is the method of choice for preserving
biopsy specimens (27).
SUMMARY
1. The normal sulfhydryl and disulfide concen-
tration for epidermis, hair, and nail were deter-
mined by amperometric titration. A number of
samples were taken to establish values for age,
sex, race, and anatomical site.
2. There were no significant differences in the
values obtained from various anatomical sites
except for the palms and soles, which manifested
considerably lower values than glabrous skin.
3. Negro skin yielded lower sulfhydryl values
than Caucasian skin, and a Latin American
yielded intermediate values.
4. Infants gave a high sulfhydryl and a low
disulfide concentration. The values were found
to be approaching normal by three years of age.
With this exception, there were no significant
differences for age and sex.
5. The concentration of both sulfhydryl and
disulfide was significantly higher in biopsy speci-
mens from living skin than from unembalmed
autopsy material.
6. When compared to normal skin, nail gave a
low immediate sulfhydryl, high denatured sulf-
hydryl, and high disulfide concentration.
7. Hair sulfhydryl of both types was very low
and disulfide was elevated. Sulfhydryl values
varied with the different hair colors.
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